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Introduction

 In Bolivia, the potato (Solanum tuberosum L.) is mainly cultivat-
ed in the high Andean region, at altitudes between 3000 and 4500 
m. The mean area under potato production for the years 2010-2020 
was 182,449 ha, and the mean national yield 5 t/ha [1]. According to 
the latter source, the Department of Cochabamba is the second most 
important area (with 37,000 ha devoted to potatoes) after that of La 
Paz (53,000 ha). In general, cultivation in Cochabamba occurs in the 
Andean-Amazonian transition zone, where high environmental hu-
midity, permanent cloud cover and cold temperatures prevail (which 
unfortunately is also suitable for the appearance of potato late blight, 
caused by Phytophthora infestans) [2] (Figure 1). The area of influ-
ence around the Lope Mendoza community (altitude 2900-3500 m), 
in the Municipality of Pocona (Province of José Carrasco, Dept. of 
Cochabamba) (Figure 1), has one of the longest histories of producing 
Dutch varieties of potato seed-tuber in Bolivia [3,4]. Currently, the 
variety Désirée (S. tuberosum) and Huaych’a (S. andigena) are pre-
dominantly grown (other native varieties are little cultivated), but the 
former is more important in the formal certification system associated 
with the supply of tubers to the mesothermal valleys (altitude 1000-
2000 m), the tropical east (350-450 m) of the Dept. of Santa Cruz, 
other high Andean areas, and the inter-Andean valleys.

 Like other areas in the Bolivian high Andean region, potato cul-
tivation in the microregion of Lope Mendoza is affected by foliar 
pathogens and soil-borne diseases. The viral diseases affecting these 
crops have not been greatly studied, but Andean Potato Latent Virus 
(APLV), Andean Potato Mottle Virus (APMV), and Potato Leaf Roll 
Virus (PLRV) have been regarded as important pathogens, along with 
Potato Virus X (PVX) and Potato Virus Y (PVY) to a lesser extent 
[5] Over 40 years ago, [6] reported the most economically import-
ant virus to be PVY, with PVX, APMV and APLV also important in 
the highlands. [7] reported PVX, followed by Potato Virus S (PVS), 
to have the highest incidence in the Peruvian highlands, with PLRV,  
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Abstract
 In Bolivia, the commercial production of potato seed-tubers (Sola-
num tuberosum L) began in the high Andean area of Cochabamba. 
Production grew gradually and a small number of potato varieties 
are now cultivated, including Désirée (Dutch variety). Other high An-
dean areas of the country now also raise seed-tubers, but viral dis-
eases have become a production-limiting factor. The present work 
provides an update on the incidence of four viruses that affect potato 
seed-tuber production, and examines the symptoms associated with 
infection plus the effect of these pathogens on potato yields in the 
area of influence of Lope Mendoza (a high Andean microregion of 
Cochabamba). Leaflet samples were collected from Désirée plants 
in eight communities (Lope Mendoza, Escalante, Chullchunghani, 
Phuyuhuasi, Qhollu Mayu, Cuesta Punta, Vélez Rancho and Chaupi 
Rancho) all in the Municipality of Pocona (Province of José Carras-
co, Dept. of Cochabamba), and all within the above area of influ-
ence. All were analyzed for PVX, PVY, PLRV and APLV using DAS 
ELISA. PVX, PVY and PLRV were detected but not APLV. Some 
plants infected with these viruses showed typical symptoms, while 
others were asymptomatic. PVX+PVY and PVX+PLRV co-infections 
were also identified. In general, yields were low, possibly related to 
the incidence of infection. A new pattern of potato viral disease would 
appear to be emerging in this high Andean region, perhaps attribut-
able to the gradual change in the varieties being cultivated, and to 
new possibilities of transmission and dissemination modes associat-
ed with changes in cultivation practices.
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Figure 1: Location of the area of influence of Lope Mendoza (in the Mu-
nicipality of Pocona, Province of José Carrasco, Dept. of Cochabamba, 
Bolivia.
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PVY, APLV and APMV showing intermediate to high values. In 
1992, ELISA testing performed on material from the high Andes 
around Cochabamba (2900–3380 m) showed the most common vi-
ruses affecting the native Huaych’a (Solanum andigena L.) variety 
to be PVX, APLV, APMV and PVY, and to a lesser extent PVS and 
PLRV [8]. Later, [9] indicated the most common potato viruses in 
crops growing at altitudes >3000 m in Peru to be PVX (incidence 
30–82%), PVS (20–50%), APMV (4–15%) APLV (2–6%), followed 
less frequently by PVY and PLRV. Similar viruses and incidences 
were found at higher altitudes in Ecuador. Finally, [10] reported the 
most common viruses in Bolivian microcentres of potato genetic di-
versity to be PVX, PVY and APLV, with PVY+PVX and PVY+PLRV 
mixed infections the most common in the Aymara region, and PVX-
+APLV and PVX+APMV in the Quechua region. The present work 
provides an update on the incidence of infection by these four viruses 
in the area of influence of Lope Mendoza - a potato seed-tuber-pro-
ducing microregion - and examines their association with symptoms 
and yield.

Materials and Methods
Study area, collection of samples, and DAS ELISA analysis 

 In February 2018, three leaflet samples were taken at random 
from the mid-region of flowering Désirée plants cultivated for the 
production of seed-tubers in all plots in which they were detected in 
eight communities belonging to the area of influence of Lope Mendo-
za (Lope Mendoza, Escalante, Chullchunghani, Phuyuhuasi, Qhollu 
Mayu, Cuesta Punta, Vélez Rancho and Chaupi Rancho) (Table 1). 
This area of influence (17°32’58.87” S 65°22’0.08” W; altitude 2950-
3170 m; (Figure 1) is characterized by permanent cloud, high humid-
ity and cold temperatures (8-18oC), and is endemic for potato late 
blight (caused by P. infestans). A total of 108 samples were collected. 
At the sampling time, plants with viral symptoms (Mosaic, Leaf roll, 
Severe mosaic, Interveinal yellowing, etc.) and apparently healthy 
were identified. All were placed in BIOREBA Universal 12 × 15 cm 
extraction bags, following the manufacturer’s protocol, to avoid con-
tamination. These bags were then placed in a Tecnopor box contain-
ing ice and taken to the laboratory. The presence of PVY, PLRV, PVX 
and APLV in the leaf samples was sought using the Double-Antibody 
Sandwich-ELISA Kit from BIOREBA (these kits employ polyclonal 
antibodies conjugated with alkaline phosphatase for antigen capture 
and visualization), according to the manufacturer’s instructions. Col-
orimetry was performed using a Labsystem Multiscan device. Fre-
quency histograms were produced to define cut-offs and thus allow 
the detection of false negatives and positives. Cut-offs were deter-
mined using the formula mean+3s × 1.1, where ‘mean’ refers to the 
mean values for the negative control and ‘s’ to its standard deviation. 
The incidence (percentage) of viral infection was determined as the 
number of positive samples/the total number of samples × 100.

 In each plot, yields were estimated at physiological maturity by 
examining a furrow length of 3 m (three repetitions per plot).

Results
Incidence of potato virus and mixed infections

 PVX, PVY and PLRV were detected, but not APLV. PVX was the 
most widely distributed virus and showed the highest incidence in 
all localities (up to 100%). PVY was the second most commonly de-
tected virus, and showed a variable incidence between localities (up 
to 33%). PLRV was detected in samples from only three localities  

(with Escalante the most affected) (Figure 2A). PVX+PVY and PVX-
+PLRV mixed infections were recorded, but not in all localities. The 
former was the more common (Figure 2B).

Symptomatology

 PVX, PVY and PLRV were detected in asymptomatic plants, and 
in plants showing characteristic symptoms such as mild mosaicing, 
severe mosaicing, leaf roll, and interveinal yellowing. Severe mosa-
icing was the most common symptom (Figure 2C). Mild and severe 
mosaic symptoms are typical of PVX and PVY infections (Figure 
2D).

Discussion

 PVX was the most commonly detected virus, followed by PVY 
and PLRV; APLV was not detected at all. PVX+PVY was the most 
common type of mixed infection. In the past, the most common infec-
tions were those caused by APLV, APMV and PLRV, with PVX and 
PVY only of minor importance [5]. Later [8] indicated PVX, APLV 
APMV and PVY to be the most common viruses, with PVS and PLRV 
less important (at least for the Huaych’a variety). Recently, [10] re-
ported PVX, PVY and APLV to be the most important in the high 
Andean areas of Bolivia, with the most common mixed infections to 
be those of PVY+PVX and PVY+PLRV. The present results suggest 
that PVX, which showed incidence values up to 100% (Figure 2), has 
indeed become established as the most important of all potato viruses 
in the studied microregion.

 PVY was also commonly detected, although to a lesser extent than 
PVX (incidence up to 33%). In the past, [6] reported it to be of little 
importance in the Andean highlands, and [5] indicated it to be the  

Communi-
ty / locality

Alti-
tude 
(m)

Variety Origin / category Number of
Total No. 

of samples

  
plots 

sampled

Lope 
Mendoza

2950 Désirée
own and non-certi-

fied seed
6 18

Escalante 3050 Désirée
own and non-certi-

fied seed
3 9

Chull-
chunghani

2950 Désirée
North of Santa Cruz 

and non-certified 
seed (*)

9 27

Phuyuhuasi 3100 Désirée
North of Santa Cruz 

and non-certified 
seed (*)

3 9

Qhollu 
Mayu

3100 Désirée
own and non-certi-

fied seed 
3 9

Cuesta 
Punta

3050 Désirée
own and non-certi-

fied seed 
6 18

Vélez 
Rancho

3150 Désirée
own and non-certi-

fied seed
3 9

Chaupi 
Rancho

3170 Désirée
North of Santa Cruz 

and non-certified 
seed (*)

3 9

Table 1: Communities where potato leaflet (S. tuberosum subsp. tubero-
sum) samples were taken within the area of influence of Lope Mendoza, 
Province of José Carrasco, Dept. of Cochabamba, Bolivia.

(*) North (450 msnm) Dept. of Santa Cruz, is lowland tropical region of 
Bolivia. Yield estimation (t.ha-1)
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least important potato virus in Bolivia. [7] too indicated PVY to be 
of little importance, and [8] reported it be fourth in importance after 
APLV and APMV. Later, however, [9] noted the incidence of PVY to 
be increasing, and [10] reported it the most commonly detected virus 
after PVX. PVY would therefore appear to be increasing as a potato 
pathogen in the region.

 In certain places, however, PLRV remains an important pathogen, 
with incidences of up to 67% (Figure 2). In the past, [5-9] all reported 
is to be of little importance; only suggested otherwise [10].

 A high incidence (67%) of mixed PVX+PVY infection was not-
ed in one locality, and lesser incidences (up to 33%) of PVX+PLRV 
infection in three others. [11] report that PVY causes more severe 
symptoms in mixed infections with other viruses, such as PVX. In 
agreement, [12] report that mixed-infections with PVX+PVYO or 
PVX+PVYNTN cause severe mosaic symptoms and systemic necrosis 
soon after inoculation.

 Some of the plants in the present work were infected but remained 
asymptomatic (25%). [13] reported asymptomatic PVX, PVY and 
PLRV infections (incidence up to 17.5%) in Désirée and other variet-
ies. PVX infection was associated with severe mosaicing, deforming 
mosaic, and leaf rolling. According to [14] PVX causes mosaic symp-
toms, including interveinal mosaicing and faint yellowing on young 
leaves.

 PVY was seen to be associated with mosaicing and yellowing be-
tween the veins, while PLRV caused leaf roll symptoms (Figure 2B). 
According to [15], the N strain induces systemic vein necrosis in to-
bacco, but generally causes no hypersensitive reaction and only mild 
or zero symptoms in potato leaves. However, [16] report symptoms on 
the aerial part of the plant include leaf mosaicing, mottling, crinkling, 
and vein necrosis. In general, PVX and PVS are reported to cause 
mild mosaicing, while PVS and PVYNTN cause intermediate mosaic-
ing, and PVYNTN+PVX and PVYO+PVS/PVX co-infections cause se-
vere leaf deformation/necrosis/drop symptoms [12]. The most severe  

symptoms occurred in plants inoculated with PVX+PVYNTN, with 
dramatic synergism seen between these strains [12]. In highly suscep-
tible varieties this co-infection can induce severe mosaicing, stunting, 
and yield losses of 5-20%. [16] reported that strong mosaic symptoms 
were most commonly seen with PVYO infection, and only seen with 
PVYN:O or PVYNTN in 15 and 3 varieties, respectively. [17] reported 
that symptoms consisted of mild to severe mottling, often associated 
with crinkling of the leaves, with yellowing and necrosis (vein necro-
sis and necrotic spots) commonly involving the lower leaves.

 PVX is common worldwide, causing losses of 10–40% in single 
infections. It is, however, particularly damaging in combination with 
PVY [18] or Potato Virus A (PVA) [8]. PVY has been reported as the 
major viral threat to potato cultivation affecting both yield (with loss-
es of up to 80%) and tuber quality [16]. Indeed, PVY is one of the 10 
most important crop-plant viruses worldwide [19,20].

 The present yields were relatively low (just 3-7 t.ha-1) the most 
common being around 4.4 t.ha-1 (Figure 2D). In 1954, the yields of 
120 native potato varieties of the Bolivian Altiplano ranged from 1 
to 7 t.ha−1, with 91 of these yielded between 1 and 5 t.ha−1 [21]. Ac-
cording to [21], these low yields were the consequence of “degener-
ative” diseases caused by viruses. In 2020, average yields were still 
just 5.5 t.ha−1 [22]. Currently, the Désirée variety is therefore doing 
even worse, a consequence of seed-tuber degeneration.

 The present results suggest a new pattern of potato virus incidence 
to be emerging, at least, for this Andean microregion. The importance 
of PVX is maintained, that of PVY and PLRV virus appears to be 
increasing, while that APLV is decreasing (quite different to its wider 
distribution of the past; [5-10]. According to [8], PVY (especially) 
and PLRV are now the most damaging of all potato-infecting viruses. 
The causes favoring their emergence are complex [23,24] mentions 
how major agricultural changes play a pivotal role in promoting virus 
emergence and describes up to nine different scenarios that favor it, 
summarizable into four groups: (i) changes in the host plant and/or 
virus ecology; (ii) changes in the genetic composition of the host pop-
ulations; (iii) changes in the genetic composition of the virus popula-
tion; and (iv) in the case of vectored viruses, changes in the ecology 
and/or genetic composition of the vector [23]. In the present case, 
one factor could be the gradual change in the varieties grown. Tradi-
tionally, native varieties of S. andigena, such as Imilla Negra, Imilla 
Blanca and Qhoyllu Papas, etc., were once commonly grown in the 
studied microregion, but rural development projects aimed at improv-
ing growers’ social and economic wellbeing, along with input from 
certain non-governmental organizations, began to introduce new, 
more productive varieties. Since end of the 1970s, Dutch potatoes 
varieties (S. tuberosum) such as Alpha, Radosa, Gineke and Spunta, 
etc., were introduced into the area of influence the Lope Mendoza 
[3], and in 1984 Diamant, Cardinale, Gigant, Monalisa, Baraka and 
Alpha were imported for planting [4]. The Alpha and Radosa varieties 
had a particularly strong economic impact. Later, in the 1990s, the 
Potato Seed Production Unit Project (UPS-SEPA) continued with the 
introduction of Désirée [4]. Thus, the potato production system has 
radically changed over the last forty years. Indeed, Désirée is now 
the most cultivated potato for seed-tubers within the certified seed 
system.

 According to [25], Désirée plants vary in their resistance to vi-
rus diseases, e.g., from low to high resistance to PVX, medium to 
high to PVY, and very low to high to PLRV. The high incidence of 
PVX infection detected in the present work might be explained by the  

Figure 2: A: Viral diseases incidence by locality in the influence area of 
Lope Mendoza; B: Relationship foliar symptoms by each virus identified. 
Yield (txha-1) of potato Désirée (S. tuberosum) variety in different locali-
ties of Lope Mendoza high Andean influence area.
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fact that this virus is transmitted mechanically and via infected tuber 
material, while PVY and PLRV, which were less frequent, are trans-
mitted by grafting, sap inoculation and aphids [13]. In other species, 
PVY is also spread naturally, by vegetatively propagated material, 
and by aphids, and transmission by contact has even been reported 
[17]. The increasing presence of PVY and PLRV may also be due 
to aphids reaching higher altitudes, and by transmission through 
seed-tubers [9]. Certainly, different aphid species have been reported 
on native potato crops in the high Andean area of Cochabamba [26]. 
Transmission may thus be associated with the handling of seed potato 
tubers during harvest and post-harvest. According to [20], infected 
seed-tubers can be an important source of PVY inoculum; the virus 
then spreading within daughter and other potato crops in following 
seasons.

Conclusion

 In conclusion, PVX, PVY and PLRV were detected, but not APLV. 
PVX was the most commonly found virus, with PVY and PLRV 
somewhat less common. PVX+PVY was the most common mixed in-
fection. Some plants appeared to be asymptomatic when infected with 
PVX, PVY and PLRV, while others showed typical manifestations of 
disease. The low yields obtained might be a reflection of the effect of 
infection by these viruses (alone and in combination). The modes of 
transmission and dissemination of these pathogens might explain the 
gradual change in their incidence in the high Andean zone, at least for 
the microregion studied.
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